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CONCERNING THE INFLUENCE OF POST-MATURITY 
OF OVA ON THE SEX RATIO OF FROGS AND BUTTERFLIES 

R. Hertwig 
ABSTRACT. 
sharp sexual r e d i s t r i b u t i o n  o f  frogs produced from over r ipe  
eggs. The changes r e s u l t  so le ly  from a l t e r a t i o n s  t o  t h e  ova. 
The author f inds  t h a t :  overmaturity acce le ra t e s  t h e  d i f f e ren -  
t i a t i o n  of t h e  t e s t e s ;  t h e  author 's  e a r l i e r  conclusion t h a t  
changes were produced i n  the  course of  egg maturation, was 
inco r rec t .  In  t h e  case of b u t t e r f l i e s ,  overmaturity has no 
phys ica l  e f f e c t  on t h e  male sex, as it  does i n  f rogs .  
matur i ty  produces r a t h e r  an increase i n  t h e  number of females. 

The author  inves t iga tes  t h e  causes underlying t h e  

Over- 

In e a r l i e r  i nves t iga t ions  done i n  p a r t  by me and i n  p a r t  by my s tudents  
Kuschakewitsch and Witschi which I summarized i n  a paper  i n  t h e  Biologisches 
Zen t r a lb l a t t ,  it was shown t h a t  very overripe eggs i n  f rogs  r e s u l t  exclusively 
i n  male o f f sp r ing ,  while i n  cu l tu re s  of normally r i p e  eggs, equal numbers of  
males and females appear. The experiments were organized i n  t h e  following 
way: 
g ive  up t h a t  p a r t  of t h e i r  eggs which was used f o r  f u r t h e r  c u l t i v a t i o n .  
males and females were separa ted  and Kept i n  cool s to rage .  Af te r  an i n t e r v a l  of 
60 t o  90 hours ,  t he  remainder s t i l l  i n  the  u te rus  was f e r t i l i z e d  a r t i f i c i a l l y .  
In  t h i s  way, t h e  previously-mentioned complete a l t e r a t i o n  of  t h e  sex  d i s t r i b u -  
t i o n  was achieved. 
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To obta in  normal sex d i s t r i b u t i o n ,  a p a i r  of  animals w a s  permit ted t o  
Then 

Now i t  i s  re levant  t o  discover  the causes which unde r l i e  t h i s  remarkable 
phenomenon. I was ab le  t o  show i n  e a r l i e r  i nves t iga t ions  t h a t  changes i n  
spermatozoa a r e  not  re levant  t o  the  question; I had f rogs  s e n t  t o  me from t h e  
region around Florence where the germination t i m e  of  Rana esculen ta ,  with which 
I am working, appears s e v e r a l  weeks earlier than i n  Munich. Furthermore, I 
obtained frogs from the  region around Munich i n  a reas  where spawning had already 
begun and a l s o  from areas  where it had not begun and thus I was ab le  t o  use 
sperm of  va r i ab le  ages i n  t h e  a r t i f i c i a l  f e r t i l i z a t i o n  of  i d e n t i c a l l y - r i p e  ova, 
without f ind ing  any a l t e r a t i o n  i n  t h e  sex proport ion i n  t h e  course of  these  
experiments. Therefore any changes must r e s ide  s o l e l y  i n  t h e  ova. 
a l ready apparent just from general  considerat ions.  Spermatozoa at the  t i m e  o f  
f e r t i l i z a t i o n  a r e  c e l l s  which have completed t h e i r  developmental process 
i n  t o t o ;  they cons i s t  ch i e f ly  of  nuclear mater ia l  and contain only a few mito- 
chondria and p r a c t i c a l l y  no protoplasm. Therefore,  s i g n i f i c a n t  changes i n  t h e i r  
behavior a re  almost e n t i r e l y  ru led  out .  This would suggest a change i n  t h e  
nucleus and protoplasm, f o r  which t h e  preconditions do not  e x i s t .  
en t  f o r  t h e  ova c e l l s !  They have a r ich supply of protoplasm and yolk mater ia l ,  
t h e i r  maturation i s  incomplete, but ra ther  they remain a t  t he  time Of over- 
matur i ty  a t  t he  s t a g e  of the  second metaphase. 

This w a s  

How d i f f e r -  

Thus they o f f e r  most favorable  
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precondi t ions f o r  a l t e r a t i o n s .  
r e s u l t  of  over-maturity can a l s o  b e  derived from the  observation t h a t  eggs which 
remain i n  t h e  u te rus  f o r  a long t ime, a f t e r  s eve ra l  days -- t h e  time is  depen- 
dent on the  ex te rna l  temperature -- lose  t h e i r  v i a b i l i t y ,  which i s  not t r u e  f o r  
the  spermatozoa. 

The f a c t  t h a t  s i g n i f i c a n t  changes occur as a 

A t  l e a s t  t h e  experiences described above m i l i t a t e  aga ins t  t h a t .  

Changes i n  t h e  ovum can occur i n  the s t ages  of  progamete and o f  meta- 
gamete, o r  can occur before  o r  a f t e r  f e r t i l i z a t i o n .  F i r s t ,  we s h a l l  d i scuss  
the  p o s s i b i l i t y  of  changes i n  t h e  progamete s t age  which I discussed i n  g r e a t  
d e t a i l  i n  my previous publ ica t ion .  
circumstances r e l a t i n g  t o  the  sexua l i ty  problem, it w a s  re levant  t o  th ink  about 
t h e  inf luence  o f  t h e  maturation process.  
.made i n  i t s  course toward maturi ty .  In amphibians the  ova remain a t  t he  s t age  /271 
of  the  second metaphase as long as they a r e  i n  the  u te rus .  
body formation i s  formed only as the ova e n t e r  the  water  and indeed i n  a s h o r t  
-time, i f  f e r t i l i z a t i o n  takes  p l ace ,  and much delayed, i f  f e r t i l i z a t i o n  does not 
t a k e  p lace .  Moreover, we know from inves t iga t ions  on sex-determining chromo- 
somes t h a t  t he  maturi ty  o f  t h e  sexual  c e l l s  represents  a c r i t i c a l  stage, t h a t  
general ly  i t  is  dec is ive  f o r  the  sex. The usual s i t u a t i o n  i s  t h a t  sexual  
determination der ives  from the  masculine s e x  and is determined i n  the  course 
o f  maturation of  the  spermatozoa, i n  that two kinds of  spermatozoa a r e  formed, 
those r e s u l t i n g  i n  female offspr ing w i t h  X chromosomes and those r e s u l t i n g  i n  
male o f f sp r ing  without t he  X chromosome. Thus, t he  male is heterogametic,  the  
female m u s t  i n  con t r a s t  be homogametic, s i n c e  a l l  eggs must contain t h e  X 
chromosome. We a r e  aware, however, o f  cases i n  which t h e  inverse  r e l a t ionsh ip  
ob ta ins ,  i. e. ,  the  female is  digametic and produces two kinds of eggs, with 
and without  sex-determining chromosomes, which a r e  designated f o r  purposes o f  
d i scuss ion  as the  Y chromosome. 
produce only spermatozoa a l l  of  which contain t h e  Y chromosome. Ten years  ago 
the  only case of a female d i g a m e t e was t h e  egg of t h e  s e a  urchin;  how- 
ever ,  it turned  out  t h a t  t h i s  w a s  i n  e r ror .  In  con t r a s t ,  it has been shown i n  
the  meantime without any doubt t h a t  b u t t e r f l i e s  do have digametic ova. 

A t  t ha t  time as wel l  as under the  present  

A t  one s t age ,  t he  l a t t e r  is  be ing  
- 

The second p o l a r  

The male w i l l ,  i n  con t r a s t ,  be  homogametic and 

Unfortunately a t  t h i s  time w e  do no t  have any Ze f in i t e  information con- 
cerning t h e  sex-determining chromosome i n  amphibians. The few inves t iga t ions  
which have been publ ished u n t i l  now, claim digametic spermatozoa; they have 
had no general  recogni t ion.  I performed no f u r t h e r  pe r t inen t  i nves t iga t ions .  
My r e s u l t s ,  which der ive  from microscopic sexual examination of  my t e s t  
ma te r i a l s  (exclusively young frogs and f rog  larvae)  have given me no reason t o  
form t h e  assumption of sex-determining chromosomes, e i t h e r  f o r  masculine o r  
feminine f rogs .  

If i n  f a c t  t h e  spermatozoa a r e  digametic,  then the re  are r e l a t ionsh ips  /2  72 
which would be  d i f f i c u l t  t o  c l a r i f y .  In t h i s  case, under normal conditions 
a l l  mature eggs would contain the  X chromosome, while t he  same would be  t r u e  
f o r  only h a l f  of the  spermatozoa. 
spermatozoa which give rise t o  female of fspr ing ,  t he  spermatozoa with t h e  X 
chromosome, are excluded from f e r t i l i z a t i o n ,  i s  t o  be avoided, then one must 
assume t h a t  those eggs whose p o l a r  body formations occur under the  condi t ions 
of overmaturity,(  which when f e r t i l i z e d  with spermatozoa containing X chromo- 
somes, which would normally r e s u l t  i n  female of fspr ing , )  produce i n s t e a d  male 

I f  t he  h ighly  unl ike ly  hypothesis t h a t  those 
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offspr ing .  
contain one X chromosome, then eggs which are f e r t i l i z e d  with X spermatozoa 
cannot themselves contain an X chromosome. 
X chromosome which they acquired i n  the normal process o f  maturation. From 
t h i s ,  a new d i f f i c u l t y  a r i s e s .  
without an X chromosome which would normally r e s u l t  i n  a male of fspr ing ,  then 
such male o f f sp r ing  would a r i s e  which would contain no X chromosome i n  the  
d ip lo id  nucleus and the re fo re  would only themselves give r i s e  t o  spermatozoa 
of  one kind.  These would not o f f e r  t he  p o s s i b i l i t y  o f  female o f f sp r ing  when 
used with normally mature eggs,  bu t  rather only normal male o f f sp r ing  with an 
X chromosome which der ives  from the ovum. The male o f f sp r ing  which were t h e  
r e s u l t  of overmaturity The one h a l f  containing 
normal chromosomal cons t i t u t ion ,  the  other  h a l f  no t ,  a d i f fe rence  which would 

Since f e r t i l i z e d  eggs give r i s e  t o  male o f f sp r ing  only i f  they 

A l l  eggs m u s t  have l o s t  t h e i r  

For i f  such ova a re  f e r t i l i z e d  wi th  spermatozoa 

would cons is t  of two types:  

* appear i n  the  production of the  next  generation. 

Digametic ova would permit a simple explanat ion o f  the  r e s u l t s  of over- 
In such a case,  t he  d i p l o i d  nucleus o f  t h e  male s e x  would have t o  

contain two Y chromosomes, the  female only one Y chromosome. The d i s t r i b u t i o n  
i n  mature eggs would r e s u l t  i n  t h i s  way i n  the  s i t u a t i o n  t h a t  a l l  eggs would 
r e t a i n  the  Y chromosome i n  t h e  mature d i s t r i b u t i o n .  Since a l l  spermatozoa are 
equipped with the  Y chromosome, then eggs with two Y chromosomes could a r i s e  / 2  73 
i n  f e r t i l i za t ion ,  i. e .  male o f f sp r ing .  

'matur i ty .  

I have previously declared myself i n  favor  o f  t h i s  l a t t e r  explanation. 
Goldschmidt (1921) and S e i l e r  (1921) a lso agreed. The l a t t e r  had i n  f a c t  
attempted t o  o f f e r  proof f o r  t h i s  explanation i n  b u t t e r f l i e s ,  f o r  which he had 
shown t h e  digametic s ta te  o f  t he  female, by f e r t i l i z i n g  overmature b u t t e r f l y  
ova and t e s t i n g  t h e i r  matur i ty  d i s t r i b u t i o n  as  t o  chromosome composition. Here 
he used Psychide Talaeporia,  whose eggs can be  e a s i l y  cu t :  they o f f e r  favor- 
ab le  condi t ions f o r  t h e  study o f  chromosomal composition. Among 247 eggs i n  
which the  c u t t i n g  fo r tuna te ly  encountered the  p o l a r  body formation, it could 
be determined t h a t  i n  fact the  Y chromosome w a s  r e t a ined  i n  the  egg during 
anaphase i n  146 cases and i n  101 cases migrated i n t o  the  p o l a r  body. Assuming 
t h e  v a l i d i t y  of our  assumption, t he  146 eggs would be male and t h e  101 eggs 
female. 
normal condi t ions it amounts t o  74. 

That would y i e l d  a s e x  count of  144 (144 d over  100 y), while under 

If the  explanat ion of the  e f f ec t  o f  over-maturation is co r rec t ,  then 
i t s  v a l i d i t y  could be t e s t e d  by means of cu l tu re  experiments. Experiments 
would only have t o  be performed i n  animals whose female gametes a r e  digametic,  
ignor ing  a l l  t h e  rest of the  cases i n  which the  male gamete is digametic. 
In sec t s  a r e  very favorable sub jec t s  for  such i n v e s t i g a t i o n s ,  s ince  i n  seve ra l  
o rders  (Orthoptera,  Diptera ,  Rhynchota) male, i n  o t h e r s  (Lepidoptera),  female 
digametes a r e  preva len t .  Therefore, I have begun t o  extend my i nves t iga t ions  
i n  t h i s  d i r e c t i o n ,  which w i l l  be t h e  sub jec t  o f  the  following l e c t u r e .  

I come now t o  t h e  second p o s s i b i l i t y  which m a y e x p 1 a i n 
the  r e s u l t s  of over-maturity , the  p o s s i b i l i t y  of metagametic inf luence.  
must then assume t h a t  p o l a r  body formation and the  d i s t r i b u t i o n  of chromosomes 
which is  t i e d  up with it is not  a l t e r ed  by over-maturity,  bu t  r a t h e r  a f t e r  
f e r t i l i z a t i o n ,  inf luences make themselves f e l t ,  which a r e  caused by over- 
matur i ty  and which a l ter  the  behavior of  the  normal chromosomal mechanism. 

We 
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Such inf luences on the chromosomal mechanism can a r i s e  only from t h e  proto-  
plasm. 
s ince  even then the re  were observat ions ava i l ab le  t h a t  a female chromosomal 
composition can be  converted i n t o  a male composition. AI exce l l en t  example 
of t h i s  w a s  recognized a t  t h a t  time, the hermaphroditism of Rhabdonema n igro-  
venosum. The animal r e s u l t i n g  from the f e r t i l i z a t i o n  is a female with two X 
chromosomes; t h e r e  is then the  p o s s i b i l i t y  o f  producing, bes ides  eggs,  spermato- 
zoa as wel l  i n  which, i n  a p a r t  of  t h e  sex  c e l l s ,  t h e  second X chromosome is 
removed. Apparently o t h e r  cases o f  hermaphroditism can be explained i n  s imilar  
fashion.  A f u r t h e r  example c e r t i f i e d  by observation o f  the  a l t e r a t i o n  o f  t h e  
chromosomal mechanism by inf luences which apparent ly  der ive  from the  protoplasm, 
a r e  t h e  xphides among whom i n  the  course o f  par thenogenet ic  development eggs 
which would normally produce females become thereby male eggs, which reform 
an X chromosome. A t h i r d  example o f  metagametic sex-determining a l t e r a -  
t i o n  of  eggs has  been made ava i l ab le  by Ba l t ze r ,  even i f  the  behavior  o f  the  
chromosomes i n  t h i s  case has  not  been c e r t i f i e d .  

" v i r i d i s  and found t h a t  the  eggs of  t h i s  animal develop i n t o  femaleoffspr ing i f  
t h e  la rvae  a re  allowed t o  s w i m  f r e e  i n  the  water.  I f ,  however, t h e  l a rvae  are 
s e t  t i g h t l y  on the  snout  of  the  mother and thus a re  converted t o  a p a r a s i t i c  
mode o f  l i v i n g ,  then they produce males. I f  t he  p a r a s i t i c  l i f e  mode is i n t e r -  
rupted too  e a r l y ,  s o  t h a t  complete sexual conversion is  not  obtained,  then 
hermaphrodites of  var ious types a r i s e .  

Even e a r l i e r  I found occasion t o  consider  such i n f l u e n t i a l  f a c t o r s  

Baltzer i n v e s t i g a t e d  Bonel l ia  

Now it is  by no means necessary i n  order  t o  explain t h e  sexual  a l t e r a -  
t i o n  of eggs t o  assume t h a t  a second X chromosome m u s t  be reformed; it would 
be far more s a t i s f a c t o r y  t o  assume tha t  a diminution o f  its sexual p o t e n t i a l  
is  brought about. We m u s t  f i g u r e  on such a p o s s i b i l i t y  thanks t o  t h e  very 
meaningful r e s u l t s  which Goldschmidt obtained i n  h i s  i n v e s t i g a t i o n  on sex  
determination i n  Lymantria d i spar .  In the  case of t h i s  animal, t h e r e  i s  a 
myriad of  d i f f e r e n t  races  which a re  d i s t r ibu ted  over  t h e  various cont inents .  
Goldschmidt used f o r  h i s  i nves t iga t ion  domestic and Japanese races .  
and females a r e  chosen f o r  experiments i n  sex  dgtermination, which belong t o  
the  same race ,  t h e  normal s e x  r a t i o  of 50 d:50 + is obtained i n  every case.  
If on t h e  o ther  hand d i f f e r e n t  races  are crossed with one another ,  then devia- 
t i o n s  from the  normal appear,  which are more o r  l e s s  s t r i k i n g ,  according t o  
the  races  which have been combined. In many combinations, the  male o f f sp r ing  
a r e  g r e a t e r  i n  number, while i n  o thers  t he  females outnumber the  males. If 
the  male component is  preponderant, then 50% normal male o f f sp r ing  a r e  obtained 
while  among the  50% female o f f sp r ing  there  are animals which are a l t e r e d  i n  the  
masculine d i r ec t ion .  If t h e  increase  o f  male preponderance o r ,  t o  use an 
expression of breeders ,  of the male penetrat ing power, is no t  very g r e a t ,  then 
only some o f  the  secondary sex  cha rac t e r i s t i c s  of the  female, above a l l  t he  
co lo r  of the wings, a r e  changed i n  the masculine d i r ec t ion .  
ponderance is  very much increased,  then the  ova r i e s  are a f f e c t e d  as w e l l  i n  
t h a t  hermaphroditism occurs.  Among the h ighes t  grades of preponderance, f i n a l l y ,  
t h e  e n t i r e  cu l tu re  cons i s t s  exclusively o f  males, o f  which about 50% show mark- 
ings  which allow recogni t ion  t h a t  they have been der ived from female eggs. 
means of appropriate  s e l e c t i o n  of  races ,  a spectrum o f  in t e r sexua l  forms from 
pure female a l l  the  way t o  f e r t i l e  males can be achieved. Likewise,  i t  i s  pos- 
s i b l e  t o  obta in  a continuous d i s t r ibu t ion  i n  the  reverse  d i r e c t i o n ,  a d i s t r i b u -  
t i o n  which goes from male t o  female. 
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In explaining h i s  f ind ings ,  Goldschmidt very understandably avoided the  
assumption of changes i n  the  chromosomal apparatus,  b u t  r a t h e r  sought t o  make 
the  circumstances understandable i n  t h e  fashion which w a s  explained above, such 
t h a t  t h e  male and female p o t e n t i a l i t i e s  within a s i n g l e  race correspond co r rec t ly  
t o  each o the r ,  t o  achieve t h e  normal sex d i s t r i b u t i o n .  He f u r t h e r  s t a t e d  t h a t  
d i f f e r e n t  races ,  however, behave d i f f e ren t ly  from t h i s  s tandpoin t  s o  t h a t  i n  the  
case of t h e  r e l a t i v e l y  increased male po ten t i a l  o f  one race the  r e s u l t  of a 
cross would d isp lace  the  d i s t r i b u t i o n  more toward t h e  masculine s i d e  and v i ce  
versa .  If  w e  make use o f  these  observations f o r  t he  r e s u l t s  i n  work with frogs 
then w e  could abandon t h e  assumption of  some k ind  of chromosomal reformation 
and s a t i s f y  ourselves with some kind of diminution of sexual  p o t e n t i a l ,  a 
diminution which i n  the  case o f  f rogs i s  brought about by overmaturity,  some- 

. th ing  t h a t  occurs i n  the  case o f  Lymantria through the  choice o f  appropriate  
races .  

Another po in t  t o  be  considered would be whether s e l e c t i o n  processes o f  

We know of cases i n  which only female o f f sp r ing  a r i s e  because the  
a p a r t i c u l a r  k ind  could have any e f f e c t  on t h e  a l t e r a t i o n  o f  t h e  sex  d i s t r i b u -  
t i o n .  
spermatozoa capable of  producing males a re  i n f e r t i l e .  Since,  as pointed out  
e a r l i e r ,  changes i n  t h e  spermatozoa cannot be  considered, then i n  the  case of 
f rogs t h e  only considerat ion would b e  t h a t  a counterpart  would be the i n f e r -  
t i l i t y  o f  female eggs. This ,  however, i s  cont rad ic ted  by the  fact  t h a t  i n  most 
over-mature cu l tu re s ,  a l l  the  eggs can be f e r t i l i z e d .  Moreover, w e  know o f  
cases ,  t o  be  s u r e  only i n  the  p l an t  kingdom, i n  which both ova and spermatozoa 
are v iab le  and desp i t e  t h i s  a s e l e c t i v e  he t e ro i za t ion  occurs because a k ind  of 
competit ion appears i n  male- and female-producing pol len  whereby one can out -  
f lank  t h e  o t h e r  i n  achieving the  ova t o  be f e r t i l i z e d .  S imi l a r  circumstances 
a r e  poss ib l e  among p l a n t s  where t h e  pollen u t r i c l e  must t r a v e r s e  a long d i s -  
tance from the  hilum of the  p i s t i l  t o  t he  f r u i t  anlage o r  a l so  among 
ve r t eb ra t e s  with i n t e r n a l  f e r t i l i z a t i o n  among whom t h e  spermatozoa m u s t  t ra-  
verse  a long oviduct before  they can reach the  egg. 
cannot b e  t h a t  l a rge  among the amphibians; i n  fact, they m u s t  be very n e g l i -  
g i b l e  as viewed from the  s tandpoin t  of the  circumstances t h a t  i n  a r t i f i c i a l  
f e r t i l i z a t i o n  every egg is  i n  d i r e c t  contact with hundreds o f  spermatozoa. 
s e l e c t i v e  f e r t i l i z a t i o n  would therefore  have t o  be no t i ceab le  i n  t h e  case o f  
over-mature ova. 

- /277 

However, the  d i f fe rences  

A 

Fina l ly ,  t he re  i s  one last p o s s i b i l i t y ,  the p o s s i b i l i t y  o f  a s e l e c t i v e  
development, such t h a t  a l l  eggs indeed begin t o  develop, however the female eggs 
d i e  o f f  during development. 
mor t a l i t y  of male zygotes is  g r e a t e r  than t h a t  o f  female zygotes. 
of f r o g s ,  it could be t h a t  t he  opposite occurs under condi t ions o f  overmaturity.  
Furthermore, w e  l earned  from the  very elegant  i nves t iga t ions  of  Morgan t h a t  t h e  
ex is tence  of sex-l inked l e t h a l  f ac to r s ,  of f ac to r s  which have an e f f e c t  only i n  
one s e x  and cause t h a t  s e x  t o  d i e  o f f .  This p o s s i b i l i t y  is contradicted,  how- 
ever ,  by the  f a c t  t h a t  i n  many cul tures  it is w e l l  known t h a t  t h e  eggs develop 
s o  far t h a t  t he  sex  can be determined. In such case,  it would b e  expected t h a t  
t h e r e  would be seve ra l  female of fspr ing  among the  prematurely-dying l a rvae ,  
which i s  not  t he  case.  To be s u r e ,  the number of favorable  cu l tures  of t h i s  s o r t  
which have been achieved is very small. 

We ce r t a in ly  know from the  human example t h a t  the  
In the case 



The degree of mor t a l i t y  is  usually d i r e c t l y  propor t iona l  t o  the  degree 
of  over-maturity,  s o  t h a t  many la rvae  die a t  a very e a r l y  stage o f  development. 

The discussion which I have given thus far allows the  conclusion t h a t  it 
is  necessary t o  continue the  inves t iga t ions  which I began over a decade ago. 
This has been my i n t e n t i o n  f o r  a long time. 
has ,  however, long been delayed. 
because of  t h e  war, which robbed me of the  necessary a s s i s t a n t s  f o r  these  
inves t iga t ions .  As somewhat normal conditions returned a t  t he  conclusion o f  
t h e  peace,  I sought t o  take  up my work again i n  t h e  sp r ing  of  1919, however, I 
had t o  b a t t l e  aga ins t  g rea t  d i f f i c u l t i e s .  The planned construct ion o f  a l a r g e  
g l a s s  house f o r  aquaria  and t e r r a r i a  which was approved be fo re  t h e  war had t o  

. be abandoned because o f  t h e  enormous costs  which were due t o  the  general  price 
l e v e l  increases .  
planned i n s t e a d  of  the  new construct ion w a s  f u r t h e r  delayed as a r e s u l t  of t he  

Republic, s o  t h a t  I had t o  continue the  inves- 
t i g a t i o n s  which I had begun e a r l i e r  under very unfavorable condi t ions.  A t  t h a t  
time I experienced the  outbreak of an epidemic -- perhaps as a r e s u l t  o f  the  
unfavorable cu l tu re  condi t ions -- which completely exterminated t h e  l a r g e r  p a r t  
o f  my c u l t u r e s ,  and decimated another par t  s o  much t h a t  only a very few 
ind iv idua l s  survived.  These events offered another  confirmation t h a t  over- 
mature cu l tu re s  cons i s t  only of males, bu t  could not  cont r ibu te  t o  the  c l a r i f i -  
ca t ion  of the  quest ion concerning the  causes o f  t h i s  operat ion i n  s e x  determina- 
t i o n .  
d i scuss ion  I w i l l  deal  exclusively w i t h  t hese  r e s u l t s .  
began my i nves t iga t ions  on the  e f f e c t  o f  overmaturity i n  b u t t e r f l i e s ,  i n  
which I used Lymantria d i spar .  
cu l tu re s  and then my experiences with the Lymantria ma te r i a l .  

The i n t e n t  t o  car ry  out t h i s  plan /278 
A t  f i r s t  because of personal reasons,  l a t e r  

The renovation of  the aquarium i n s t a l l a t i o n s  which were 

* confusion caused by t h e  k imar  

Conditions were s o  much more favorable i n  1920 t h a t  i n  the  following 
That same summer I a l s o  

F i r s t  I w i l l  d iscuss  the  r e s u l t s  o f  my f rog  

Culture  Experiments with Kana esculenta 

Temperatures i n  t h e  summer o f  1920 were such t h a t  unusually w a r m  days 
began with t h e  first o f  May, 1920. This  l e d  t o  an ea r ly  beginning i n  the  
spawning per iod  of Rana esculenta ,  which I had seen only except ional ly  be fo re ,  
s o  t h a t  I w a s  ab le  t o  begin my inves t iga t ions  i n  the  f irst  part  of May. 
took my mate r i a l  exclusively from two small  ponds just below the  Walchstadt 
Heights. Experience gained i n  the  previous seasons was the  dec is ive  f a c t o r  
f o r  s e l e c t i o n  o f  these t rapping  areas .  I have already mentioned i n  e a r l i e r  

made s i g n i f i c a n t l y  more d i f f i c u l t  by  the wide d i s t r i b u t i o n  o f  a condi t ion o f  
the  gonads which I have charac te r ized  a s  a condi t ion of  ind i f fe rence ,  and w i l l  
so designate  i n  t h i s  publ ica t ion ,  which o t h e r  i nves t iga to r s  des igna te  as 
hermaphroditism following t h e  example o f  Pf luger .  This phenomenon is  descr ibed 
i n  d e t a i l  by Witschi and Kuschakesitsch and i l lumina ted  by t h e i r  i l l u s t r a t i o n s .  
Therefore I can r e f e r  t o  t h e i r  work and need only descr ibe here  t h a t  which is 
necessary f o r  understanding the  problem. 

I 

, publ ica t ions  t h a t  i nves t iga t ions  concerning sex  determination i n  f rogs are 
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I speak of ind i f fe rence  when the gonads form a long t h i n  t i s s u e  s t r i p  
which s t r e t c h e s  over a la rge  p a r t  o f  the kidneys. 
length va r i ed  from 1.5 t o  2.6 mm. 
because t h e r e  a r e  rows of small f l u i d - f i l l e d  c y s t s ,  i n  the  secondary gen i t a l  

In  one c u l t u r e  s tud ied ,  t h e  
The p a r t  is  swollen l i k e  a s t r i n g  of  p e a r l s  
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c a v i t i e s .  
the  cord. 
i ng  t o  a s h o r t e r  gonad. In con t r a s t ,  if the gonads a r e  sexual ly  d i f f e r e n t i a t e d ,  
then t h e  sexes can be d i f f e r e n t i a t e d  from one another with g rea t  c l a r i t y  without 
t h e  use o f  a magnifying g l a s s .  
a r e  r e s t r i c t e d  t o  the  h ighes t  s ec t ion  o f  the kidneys; t he  ovaries  i n  con t r a s t  
form e i t h e r  a long cy l ind r i ca l  sausage-shaped cord o r  wide, long and t h i c k ,  
wrinkled discs, i n  which the  ova a r e  recognizable as small  kernels. 
gonads predominate i n  many o f  the  areas  where the frogs a r e  found. When such 
animals cannot be  d i f f e r e n t i a t e d ,  even among those which have undergone meta- 
morphosis, even animals which survived the w i n t e r  and grew as a r e s u l t  o f  
abundant food supply i n  the following summer, male and female animals a r e  i n d i s -  
t inguishable .  In  o t h e r  cases t h e  s e x  can be determined i n  very young l a rvae ,  i n  
which t h e  h ind  l egs  a r e  s t i l l  s h o r t  stumps. 

They number between 5 and 14, roughly propor t iona l  t o  the  length o f  
The r i g h t  gonad of t h e  frog general ly  contains  fewer cys t s ,  correspond- 

The t e s t e s  a r e  s h o r t  compact oval bodies ,  which 

I n d i f f e r e n t  
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' While a high degree of ind i f fe rence  o f  the  gonads predominates i n  most 
areas  where frogs were taken i n  t h e  a rea  around Munich, t o  which I can t e s t i f y  
on the  b a s i s  of manifold inves t iga t ions  (par t ly  from cul tured  ma te r i a l ,  p a r t l y  
from co l l ec t ions  i n  n a t u r e ) ,  t he  Walchstadt material i s  sexual ly  well  d i f f e ren -  
t i a t e d  and the re fo re  is very appropriate f o r  i nves t iga t ions  o f  s ex  determina- 
t i o n ,  a t  l e a s t  with r e spec t  t o  the  chief problem. Even here ,  there  are excep- 
t i ons .  
e s t  i n  my cu l tu re s .  

- 

We w i l l  even s e e  t h a t  one o f  these except ions became o f  p a r t i c u l a r  i n t e r -  

I t  would be important t o  r epor t  the class of  such va r i ab le  behavior  o f  
the  s e x  apparatus.  
modif icat ions which are caused by external circumstances,  temperature,  n u t r i t i o n  
and similar condi t ions? Goldschmidt surmised t h a t  temperature played a dec is ive  
r o l e .  He came t o  t h i s  conclusion on the  basis o f  observat ions made by Pf luger  
with Rana temporaria.  Pf luger  had frogs shipped t o  him from various regions o f  
Germany. 
was sexua l ly  d i f f e r e n t i a t e d ,  whi le ,  in  cont ras t ,  t h e  material which w a s  co l l ec -  
t e d  i n  Bonn and Lut t ich consis ted mainly of "hermaphrodites." 
lower temperatures would favor  sexual d i f f e r e n t i a t i o n .  Goldschmidt drew t h i s  
conclusion as we l l .  My own experiences make it c l e a r  t h a t  circumstances a r e  not  
t h a t  simple.  
Sexual i nd i f f e rence  was predominant among t h e  frogs co l l ec t ed  from them, and 
s i m i l a r l y  i n  t h e  ou t ly ing  peatbogs on the o t h e r  bank o f  the  Isar, furthermore 
i n  the  region around the  v i l l a g e s  n e a r  Schleissheim and many o t h e r  p laces .  
peatbogs around Lochhausen i n  cont ras t  y i e ld  ma te r i a l  which is  again favorable  
f o r  i n v e s t i g a t i o n ,  i. e .  with ea r ly  sexual d i f f e r e n t i a t i o n ,  while those  from a 
none - too - d i s t a n t  v i l l a g e  are character ized by ind i f fe rence .  
i ngs  i n  t h e  Walchstadt ponds, t he re  were many i n d i f f e r e n t  forms among t h e  f rogs  
i n  the  Lochhausen area, even i n  r a t h e r  s i g n i f i c a n t  numbers. 
it apparent t h a t  temperature does not have any inf luence  b u t  r a t h e r  t h a t  the  
d i f f e rences  are r a c i a l .  
the  f rogs  from the  Walchstadt and Lochhausen areas  have similar somatotypes. 
They d i f f e r e n t i a t e  themselves from frogs from o the r  areas i n  t h a t  they a r e  
smaller on the average. In any case,  my experiences a r e  not s u f f i c i e n t  t o  
decide the  causes of sexual  v a r i a b i l i t y .  C l a r i t y  on t h i s  i s sue  w i l l  come only 

Is i t  a quest ion o f  i nhe r i t ed  racial d i f fe rences  o r  one o f  

I t  developed from t h i s  experiment t h a t  mater ia l  coming from Konigsberg 

According t o  t h i s ,  

Very nea r  t he  small ponds o f  Walchstadt a r e  widespread peatbogs.  

'Ihe 

S imi l a r  t o  f ind -  

A l l  of t h i s  makes 

This would b e  i n  agreement with the  observation t h a t  
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a f t e r  f u r t h e r  d e t a i l e d  inves t iga t ions ,  
year ,  p a r t l y  by methodic cu l tu re s .  
i v e  answer by " rac ia l"  c lasses .  

p a r t l y  by co l l ec t ions  throughout t h e  
And f i n a l l y ,  I would hope t o  gain a decis-  

The material which w a s  used was co l l ec t ed  i n  th ree  expedi t ions ,  on 
May 8, May 13, and May 16. 
captured; they  were keparated a t  the  capture,  reuni ted  again after capture ,  0nly 
t o  be 
material, which remained uni ted  f o r  a prolonged t i m e  from t h e  13th o f  May and 
a f t e r  24  hours ,  i. e . ,  on May 14,  f inished spawning. I mention these  circum- 
s t ances  as proof t h a t  a varying maturity o f  t he  eggs had not been reached on 
May 8. 
. t ha t  pa i r ings  occurred which l a s t e d  a shor t  time, and then separa ted  again.  
The most usable  mater ia l  was obtained on May 13,  followed by t h a t  of May 16, 
so  t h a t  t h e  he igh t  of sexual matur i ty  was reached a t  t h i s  time. O f  those  
copulae which were usable f o r  the  planned i n v e s t i g a t i o n s ,  I used a t o t a l  o f  
seven f o r  c u l t u r e  purposes; t he  o thers  had t o  be abandoned as a result of 
the  minute space ava i l ab le  i n  the  aquarium. 
not  usable  a t  a l l  i n  t h e  overmaturity 
p l e t e l y  emptied with the  first oviposi t ion.  
determine t h e  s e x  r a t i o s  of normal oviposi t ions.  
I l e f t  one untouched, s i n c e  it w a s  sexual ly  i n d i f f e r e n t  t o  a high degree and 
therefore  hard ly  usable  due t o  the  f a c t  t h a t  t h e  overmaturity 
c i a l l y  f e r t i l i z e d  eggs which were used amounted t o  only about 48 hours and 
thus w a s  s o  s h o r t  t h a t  no real r e s u l t s  could be  obtained. 
i n t o  ques t ion  which der ived from the  second catch which remained i n  copula 
from the  14th o f  May u n t i l  the  20th before  i t  began t o  spawn. Thus t h e r e  were 
four  cu l tu re s  remaining, t h e  r e s u l t s  from which I w i l l  r epor t  i n  t he  following. 
Three of them l e d  only t o  a corroboration o f  r e s u l t s  gained e a r l i e r ;  I can dea l  
with them summarily, t he re fo re .  ?he fourth one, i n  con t r a s t ,  demands sepa ra t e  
and d e t a i l e d  discussion s ince  it could lead t o  new points  o f  view. 

O f  seven copulae [ s i c ]  s igh ted  on May 8 ,  four  were 

separa ted  again very s h o r t l y .  I obtained only one copula from the  

Problems occur red in  the  following time per iod i n  t h i s  i nves t iga t ion  i n  
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O f  these  seven c u l t u r e s ,  two were 

I used them anyway at least t o  
experiments, s ince  t h e  u te rus  w a s  com- 

O f  the  o the r  f i v e  c u l t u r e s ,  

o f  t h e  a r t i f i -  

Another pa i r  came 

Overmature Cultures 1-3. O f  t he  first f e r t i l i z a t i o n s  (normal f e r t i l i z a -  
t i ons )  I cu l tu red  only 100 eggs. I t r e a t e d  the  o t h e r  two cu l tu re s  s i m i l a r l y ,  
which were not appropriate  f o r  an overmaturity s tudy ,  because the  females had 
exhausted completely t h e i r  supply of eggs. In  a l l  cases ,  e a r l y  and c l e a r  d i f -  
f e r e n t i a t i o n  between males and females was poss ib le ;  the  following l i s t  gives 
f i v e  s e x  determinat ions.  In the  th ree  cu l tures  i n  which an overmature cu l tu re  
was poss ib l e ,  I l ikewise present  the sexual r a t i o ,  and simultaneously the  time 
i n t e r v a l  between the  f i rs t  and second f e r t i l i z a t i o n .  

Normal F e r t i l i z a t i o n  Time In t e rva l  Ove rmat ure  Fe rt i 1 i z a t  ion  /2 8 3 
I. 49 cf 44 +o 9 3% -- 

11. 49 0" 41 90% -- 
111. 38 d 41 + 79% 7 7 hours 
IV. 45 a" 47 f 9 2% 6 8 hours 
V. 45 a* 4 N .  45 9 94% 72 hours 

-- 
431 d 1 9 
202 cf 12  9 
40 3 

673 cf 13  0 Tota l  226 0" 4 N.218 f 90% 
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I have no remarks t o  make with respect t o  the  c u l t u r e  r e s u l t s  except f o r  
a few words on the  observed mor ta l i ty .  
small. In overmature cu l tu re s ,  i n  cont ras t ,  t he  mor t a l i t y  is very h igh ,  even 
i n  Culture 111, the  f i rs t  overmature cul ture .  'Ihe very high mor ta l i ty  r a t e  can 
be explained by t h e  f a c t  t h a t  an enormous amount o f  egg material i s  ava i l ab le  
f o r  overmature f e r t i l i z a t i o n .  Worthy of note  i s  the  fact t h a t  even a t  68 hours 
o f  overmaturity,  a not  i n s i g n i f i c a n t  amount of  females can s t i l l  be shown. 

In normal f e r t i l i z a t i o n s ,  t h i s  i s  very 

Overmature Culture  4.  Since previous cu l tu re s  have y i e lded  the  r e s u l t  
t h a t  even i n  the  presence of r e l a t i v e l y  small degrees o f  overmaturity t h e  devel- 
opment o f  c a p a b i l i t y  o f  t h e  eggs had suf fered  s t r i k i n g l y ,  an i n t e r v a l  o f  67 
hours was chosen f o r  t h i s  four th  cu l ture .  
.on the  18th o f  May and began t o  spawn at 2:00 on May 19. During the  time from 
2:00 t o  5 : O O  seve ra l  hundred eggs had been deposi ted,  when they f i n a l l y  were 
separa ted .  
means of a normal p a i r i n g  had y ie lded  unfavorable r e s u l t s ,  t he  a r t i f i c i a l  fer t i -  
l i z a t i o n  w a s  immediately performed on May 22 a t  9:00 a . m .  

The p a i r  i n  quest ion had come toge the r  

Since e a r l i e r  experiments which attempted a second f e r t i l i z a t i o n  by 

I. Normal Culture.  A no t  i n s ign i f i can t  percentage of  t h e  eggs d i d  n o t  
develop, s o  t h a t  i n  the  course of  the  f i f t h  and s i x t h  days, 58 (approximately 
15%) o f  dead eggs were separa ted .  The r e s t  developed without problems. As i n  
e a r l i e r  cu l tu re s ,  100 eggs were r a i s e d  i n  a cu l tu re  aquarium a t  h igher  tempera- 
t u re s  as a control  cu l tu re ,  t h e  r e s t  being h e l d  as a reserve  cu l tu re  a t  room 
temperature and with moderate n u t r i t i o n ,  wi th ,  however, d a i l y  change o f  water. 
The lo s s  quo t i en t  w a s  no t  determined for  t h e  reserve  cu l tu re .  Among t h e  con- 
t r o l  c u l t u r e  (warm cul ture)  9 4  animals survived the  inves t iga t ion  i n  t o t o ;  
o f  t hese ,  46 animals were s a c r i f i c e d  on Ju ly  7 ,  s ince  according t o  experience 
obtained i n  o the r  cu l tu re s  i t  could be  expected t h a t  t h e  sex  could be e a s i l y  
determined by t h i s  t i m e .  This tu rned  ou t ,  however, t o  be an e r r o r .  The la rvae  
which were t o  be  used i n  t h i s  inves t iga t ion  a l l  had well-developed h ind  legs ,  
many had even developed fore legs  as well .  However, a l l  had s t i l l  the  i n d i f -  
f e r e n t  cha rac t e r  i n  the  s e x  glands,  a more o r  l e s s  long-drawn-out p e a r l - s t r i n g -  
l i k e  swollen cord about 1 .5  t o  2.6 mm long. I attempted t o  make a separa t ion  
o f  the  two sexes by measuring out  under the  magnifying g l a s s  the  length o f  the  
s e x  glands i n  a l a rge  group of  t he  animals on both s i d e s ,  t o  determine i f  the 
material could b e  separa ted  i n t o  two groups i n  t h i s  way, a group with longer 
gonads, which one could designate  i n i t i a l l y  as ovar ies ,  and a group with 
s h o r t e r  s e x  cords which I could assume t o  be male; between the  extremes i n  
s ize ,  t h e r e  w a s  a continuous t r a n s i t i o n  from t h e  s tandpoin t  of  both t h e  ac tua l  
length and t h e  count of p e a r l - l i k e  swellings.  Separat ion w a s  f u r t h e r  hindered 
by the  f a c t  t h a t ,  i n  general ,  t h e  s e x  glands of  t h e  l e f t  s i d e  a re  longer  and 
have many more swel l ings than those of the  r i g h t  s i d e .  Microscopic inves t iga -  
t i o n  of  s ec t ions  a l s o  l e d  t o  no r e su l t s .  I s e l e c t e d  t h e  longest  and s h o r t e s t  
sexual  organs and sec t ioned  both ,  b u t  was unable t o  recognize any d i f f e rence  
i n  h i s t o l o g i c a l  appearance. 
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In  these  circumstances, I decided t o  c u l t i v a t e  the  r e s t  o f  the normal 
The metamorphosed cu l tu re  w a s  s a c r i -  cu l tu re  t o  the  s t a t e  of metamorphosis. 

f i c e d  i n  small p a r t s  during the  months o f  August and September; a sma l l e r  
remainder of  seven animals was preserved f o r  win ter ing  and f ed  u n t i l  J u l y  1921. - /285 
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The animals which were s a c r i f i c e d  before the  win te r  s t i l l  showed no d e f i n i t e  
sexual appearance. 
i n  form, studded with eggs, s o  t h a t  one could c a l l  them ovar ies .  However, 
t he re  were a l s o  seve ra l  cys ts  i n  the  periphery,  which a r i s e  from involu t ion  and 
r e so rp t ion  of eggs and as appear when ovary-like gonads a r e  converted i n t o  
t e s t e s .  
axis o f  t he  gland cons i s t s  of such forms which a r i s e  from the  involu t ion  o f  
cys t s  der ived  from eggs. Between these two extremes, t h e r e  were in te rmedia te  
forms, i n  which e i t h e r  cysts  derived from t h e  degeneration o f  ova o r  undamaged 
ova primordia predominated. 
obtained i n  a s t a g e  o f  d i f f e r e n t i a t i o n  of the  s e x  glands such t h a t  no clear 
d i f f e r e n t i a t i o n  could be made as t o  how many animals would have d i f f e r e n t i a t e d  
.to females, and how many t o  males. The material which survived t h e  win te r  
corroborates  t h i s  without  doubt. In th i s  group, t h e r e  w a s  one animal with 
t e s t e s  and s i x  animals with s t r i k i n g l y  wrinkled ovar ies  of c h a r a c t e r i s t i c  
appearance. 

In most d i f f e ren t i a t ed  forms, t h e  gonads were c y l i n d r i c a l  

In  o the r  cases ,  t he  e n t i r e  gonad even t o  the  smal l -ce l led  r e s t  i n  the  

Apparently the  material i nves t iga t ed  w a s  thus  

11. Overmature Culture.  I had ava i l ab le  f o r  t h e  overmature cu l tu re  a 
very r i c h  source o f  eggs which had remained i n  the  u t e rus .  I decided the re fo re  
t o  use t h r e e  d i f f e r e n t  ways o f  f e r t i l i z a t i o n .  
t he  method which I have used s ince  t h e  beginning of  my i nves t iga t ion :  
were p laced  i n  a t h i n  l a y e r  on t h e  s l i d e  and an aqueous so lu t ion  r i c h  i n  sper -  
matozoa was sprayed between t h e  individual  eggs with a p i p e t t e .  With the  second 
p a r t ,  the  spermatozoa-containing f l u i d  w a s  very d i l u t e .  This w a s  done t o  avoid 
polyspermia, s ince  i n  cases o f  extreme overmaturity this  presents  a s i g n i f i -  
cant  danger. 
w a s  dipped i n  a d i l u t e d  sperm so lu t ion .  
good r e s u l t .  
o f  f e r t i l i z i n g  eggs, only 56 remained u n f e r t i l i z e d  and 445 eggs developed. 
I w a s  ab le  t o  begin the cu l tu re  with a t o t a l  o f  527 la rvae  o f  which about 40 
were l o s t  i n  an acc ident ,  about 20 died,  s o  t h a t  the  cu l tu re  cons is ted  o f  more 
than 500 animals a t  in t roduct ion  i n t o  the c u l t u r e  aquarium. O f  t hese ,  on Ju ly  7, 
thus approximately a t  the  same time i n  which the  f irst  s a c r i f i c e  w a s  performed 
with the  normal cu l tu re ,  77 individuals  were s a c r i f i c e d ,  and the  rest were 
allowed t o  continue, p a r t l y  t o  metamorphosis, p a r t l y  i n  n u t r i t i o n  c u l t u r e .  
sma l l e r  p a r t  (8 ind iv idua ls )  w a s  preserved over the  win te r  and f u r t h e r  cu l tu red  
i n  the  summer o f  1921. 

The first p a r t  w a s  f e r t i l i z e d  by 
'Ihe eggs 

A t h i r d  por t ion  with the eggs covering the  s l i d e  i n  a t h i n  l a y e r  
The second and t h i r d  methods y i e lded  no 

O f  567 eggs, 485 remained u n f e r t i l i z e d ,  while with my usual  method 
Thus 
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A 

Inves t iga t ion  of such a complete se t  o f  mater ia l  l ed  t o  very i n t e r e s t i n g  
r e s u l t s .  Among the  77 polliwogs i n  the first t e s t  s a c r i f i c e  o f  J u l y  7, t he re  
were 39 males and 38 i n d i f f e r e n t  specimens. The last apparently corresponded 
t o  those  ind iv idua ls  which, according to  t h e i r  o r i g i n a l  cons t i t u t ion ,  would have 
developed i n t o  females. 
mater ia l  co l l ec t ed  i n  the  wild,  I w a s  of ten ab le  t o  document t h a t  the males were 
already c l e a r l y  d i f f e r e n t i a t e d  while the females remained at  the  s t a g e  of i n d i f -  
f eren ce . 

For, no t  only among my cu l tu re s ,  bu t  a l s o  among the  

With due considerat ion t o  the  fact  t h a t  the  polliwogs of the  normal 
cu l tu re  which were s a c r i f i c e d  at the same time were a l l  i n d i f f e r e n t  and the  
sacrifice of the  l a t e  f e r t i l i z a t i o n  likewise did not give rise t o  a completely 
f lawless  s e x  determination, I decided t o  undertake t o  continue t h e  overmature 
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material  t o  the completion of metamorphosis, and i n  p a r t  even beyond t h i s  time 
i n  a n u t r i t i o n  cu l ture  and t o  s a c r i f i c e  individuals from time t o  t ime. A 
smaller  remainder was allowed t o  survive the winter  and was s a c r i f i c e d  af ter  
r i ch  n u t r i t i o n  i n  June of  1921. The r e su l t s  were the following: 

O f  those allowed t o  complete metamorphosis, i n  p a r t  wel l - fed and sacri- 
f iced  i n  the f a l l  of 1920, the  young frogs consis ted of 313 males and 45 N .  
These frogs were d i s t r i b u t e d  among both f e r t i l i z a t i o n  A with d i l u t e d  sperm, and 
B with concentrated sperm, i n  roughly equivalent fashion: A 64 d , 5 J ;  B 249 8, 
40 J. O f  the  e igh t  animals which survived t h e  win ter ,  seven had d e f i n i t e  t e s t e s  
and one had developed indubitably i n t o  a multiply wrinkled ovary. While t h e  
first sacrifice y ie lded  the  normal test re la t ionship  of 50 cfand 50 ?-, i f  w e  
count the i n d i f f e r e n t  fgrms as females, t h i s  changed i n  the  course of the  
'culture t o  700 a" : 100 +, i n  which the females, however, a r e  not  f u l l y  developed. 
This l a t t e r ,  however, w a s  the case i n  1921. These r e s u l t s  permit only one 
i n t e r p r e t a t i o n ,  t h a t  t he re  were added t o  t h e  50% a", a f igu re  which derives from 
the  first s e r i e s  of s a c r i f i c e s ,  more males which accumulated i n  the  course of 
t he  cu l ture ,  der iving from delayed transformation of  i n d i f f e r e n t  forms. Also i n  
agreement with t h i s  i n t e r p r e t a t i o n  is  the f a c t  t ha t  among those males s a c r i f i c e d  
i n  1920 the re  were n o t  a few forms i n  which the  t e s t e s  were i n  such a condition 
as t o  d i f f e r e n t i a t e  from i n d i f f e r e n t  primordial glands. Especial ly  s i g n i f i c a n t  
f o r  t h i s  i n t e r p r e t a t i o n  a r e  those cases i n  which a c l e a r  t e s t e s  had developed on 
the r i g h t  s i d e  while on the  l e f t  s i d e  the gonad again appeared t o  be a t r a n s i -  
t i on  t o  ind i f f e ren t .  I had already become aware during my e a r l i e r  inves t iga-  
t i o n s  t h a t  the  gonads on the  r i g h t  s i d e  almost always not  only,  as mentioned 
above, are somewhat smaller ,  but are also more advanced i n  development. 

/ 2  87 

Turning now t o  an i n t e r p r e t a t i o n  of t h e r e s u l t s  given above, two things 
a r e  c l ea r ly  apparent.  

1. Overmaturity accelerates  the d i f f e r e n t i a t i o n  of t e s t e s .  While i n  
the normal cu l ture  i t  w a s  n o t  possible  t o  d i f f e r e n t i a t e  between males and 
females even beyond the  time of metamorphosis, i n  the  case o f  overmaturity i t  
is poss ib le  a t  an even e a r l i e r  s t age ,  a t  least f o r  t h a t  h a l f  of the  cu l tu re  
which shows typica l  t e s t e s .  This corresponds t o  an experience,  which I have 
made repeatedly,  t h a t  i n  normally-raised f rog  mater ia l ,  h a l f  of the individuals  
have t e s t e s  already, while the  o ther  ha l f ,  apparently t h e  h a l f  which i s  t o  
y i e l d  females, remains ind i f f e ren t .  

/288 

2. The r e s u l t s  of the cul tures  discussed above furthermore r e fu t e  the  
i n t e r p r e t a t i o n  which I represented e a r l i e r  concerning t h e  e f f e c t  of  overmaturity: 
That it produces chanpes i n  the course of  egg maturation, t h a t  females 
represent  the heterogametic sex, that  with egg maturation the sex  chromosome ge ts  
i n t o  the  p o l a r  body and therefore  only such eggs remain which are without the  
Y chromosome, and thus a re  able t o  y ie ld  only males. If t h i s  i n t e r p r e t a t i o n  
were co r rec t ,  then a l l  eggs i n  the  overripe cu l ture  would be  determined as males 
a t  the  very beginning;- indeed, i n  such a c l e a r  way, which w a s  not the  case i n  
our  inves t iga t ions .  
kinds of larvae could be dis t inguished,  of  which one was indubi tably male, the  
o t h e r , c o n s i s t i n g  of eggs which or ig ina l ly  were dest ined t o  become female and 
only i n  the  course of embryonic development, i. e .  as metagamete, experienced 

Quite the  opposite. Even at  a r a t h e r  ear ly  s t a g e ,  two 
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some kind of  conversion. 
which we recognize i n  many hermaphroditic animals (Rhabdonema nigrovenosum) , 
i n  which at first homogametic females ar ise ,  among which i n  the course o f  
development the opportunity t o  produce testes is s o  brought about t h a t  i n  one 
pa r t  of  t h e  s e x  c e l l s  one of the two X chromosomes i s  l o s t .  And s o  I would l i k e  
t o  explain the  s i t u a t i o n  t h i s  way as well. I assume t h a t  t he  male s e x  among 
frogs i s  the heterogamete as is generally claimed f o r  frogs and o ther  amphibia 
and f o r  ver tebra tes  i n  general ,  even on the b a s i s  of not  completely f lawless  
observations.  Accordingly, two kinds of eggs m u s t  arise on f e r t i l i z a t i o n ,  
so-ca l led  male eggs with an X chromosome and female eggs with two X chromosomes. 
The la t te r  experienced i n  my experiment under the  inf luence of overmaturity i n  
the  course of development a transformation, e i t h e r  because the  second X chromo- 
some completely involuted, o r  was weakened i n  i t s  e f f e c t .  I think it  i s  appar- 
k n t  t h a t  the  inf luences which cause the conversion o f  the  chromosomal apparatus 
derived from the  protoplasm, which is valid as well  f o r  hermaphrodites and not  
only f o r  t hese ,  bu t  a l s o  f o r  animals such as daphnids, aphids, among whom i n  the 
course of  t h e i r  generation occurs likewise a sexual transformation, a complete 
t r a n s i t i o n  from female t o  male sex. My fee l ing  of the correctness of t h i s  repre-  
s e n t a t i o n  is  even more reinforced by my inves t iga t ion  concerning: 

These circumstances a r e  reminis cent o f  phenomena 
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The Effec t  of  Overmaturity on But te r f l ies  

I was brought t o  these invest igat ions by the b r i e f  ly-discussed considera- 
t ions  above. 

Through the e legant  experiments of S e i l e r  on the  behavior o f  s e x  chromo- 
somes i n  b u t t e r f l i e s ,  it w a s  shown, y e t  i n  t h i s  case i n  cont ras t  t o  most animals 
s t u d i e d  thus f a r , t h a t  t he  female w a s  a heterogamete, which was very apparent on 
the  b a s i s  of Mendel's experiments already, and t h a t  t he  male sex is  a homogamete. 
Among o t h e r  i n s e c t s ,  e .  g. the recent ly  wel l -s tudied Diptera,  i t  i s  known t o  be 
the reverse .  If my e a r l i e r  i n t e rp re t a t ion  of overmaturity experiments was cor- 
r e c t ,  then it m u s t  be qu i t e  d i f f e ren t  with respec t  t o  b u t t e r f l i e s  and Diptera.  
Among b u t t e r f l i e s ,  the  same phenomena m u s t  appear as among frogs,  while among 
Diptera i n  contrasttovexmaturity evidently has no e f f e c t  on sex.  

From these considerations,  I have recent ly  begun t o  extend my over- 
maturity experiments t o  b u t t e r f l i e s .  
Goldschmidt of  t h e  Kaiser Wilhelm I n s t i t u t e  on Biology, who, among o thers ,  s e n t  

very g r a t e f u l  t o  him. I would l i ke  t o  repor t  my inves t iga t ions  only i n  summary 
fash'ion, s ince  I see  them now as only pr iva te  experiments, which w i l l  be f o l -  
lowed by extensive experiments only th i s  year .  

I w a s  supported very kindly by Professor  

/290  me on two occasions Lymantria d i s p a r  (Aomori and Gi'fu r aces ) ,  f o r  which I am - 

In  b u t t e r f l i e s ,  and probably also i n  a l l  i n s e c t s ,  there  i s  a la rge  
disadvantage f o r  overmaturity experiments i n  cont ras t  t o  f rogs ,  i n  t h a t  two 
c l e a r l y  separable  f e r t i l i z a t i o n s  cannot be temporally achieved, a normal 
f e r t i l i z a t i o n  and a l a t e  f e r t i l i z a t i o n .  One can proceed only i n  such fashion 
t h a t  b u t t e r f l i e s  which have recent ly  become capable of  breeding a r e  allowed t o  
p a i r  i n  p a r t  immediately, and i n  p a r t  only a f t e r  2 ,  3 ,  4,  e tc .  days, and draw 
a mean from a g rea t  number of cu l tures ,  t o  ru l e  Out the  p o s s i b i l i t y  of  poss ib le  
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ind iv idua l  var ia t ions  i n  sexual  behavior and cause a d i s t o r t i n g  inf luence.  
Furthermore, very complete mater ia l  m u s t  be ava i lab le ,  i n  order  t o  be able  t o  
p a i r  f r e s h l y  f e r t i l e  females with overripe males, and overr ipe females with 
normally r i p e  males, and, f i n a l l y ,  overripe females with overr ipe males. The 
mater ia l  which I used i n  1920 w a s  not su f f i c i en t  f o r  t h e s e  demands. Further- 
more, I d id  not have the  opportunity i n t h e  l imi ted  space avai lable  i n  the  
Munich Zoological I n s t i t u t e ,  t o  r a i s e  a l l  the caterpillars of a given n e s t ,  
but  r a t h e r  w a s  forced t o  undertake a s ign i f i can t  reduction i n  the  count of 
ind iv idua l ly  r i ch  nes ts .  Nevertheless,  I can report  the following today. 

F i r s t  I would l i k e  t o  o f f e r  t h e  r e su l t s  of  f i v e  normal nes t s ;  they 
y ie lded  roughly equal numbers of females and males. There w a s ,  except f o r  
Culture 2 ,  an excess of females; t h i s  was s o  small, however, t h a t  it f e l l  
'well w i th in  the margin of e r r o r .  

1. 10 ? 8 a" 
2 .  16 ? 19 a" 
3 .  11 ? 9 a" 
4 .  10 9 10 a" 
5. 19 ? 13 a" 

Total 66 9 59 d 

Among the overmature cul tures  I show in  the following l is t  i n  the second /291 
column how many days the  overmaturity consisted of.  

1. 2 days 47 ? 28 6" 
2 .  4 days 34 9 22 0" 
3. 5 days 26 ? 17 c? 
4. 5 days 39 2 11 d' 
5. 5 days 15 ? 20 8 
6. 6 days 7 9 

Total  168 9 98 d' 

has no physical  
would appear 

From t h i s  da ta  it can cer ta in ly  be s a i d  t h a t  overmaturity 
effect on the male sex  as i n  frogs. 
more l i k e l y .  In t o t a l ,  t he  increase i n  females i s  very s i g n i f i c a n t ;  i t  leads t o  
a sexual difference of 55 (55 a" t o  100 9 ) .  The odd mutation o f  females appears 
b e s t  i n  Culture 6 with s i x  days overmaturity. 
damaged by the overmaturity. From the t o t a l  of 100 eggs contained i n  the  n e s t ,  
only 20 c a t e r p i l l a r s  emerged, of which 12perished a f t e r  leaving the  coccoon o r  
died s h o r t l y  t h e r e a f t e r  without eating. O f  the  8 remaining animals, a severely 
c r ipp led  animal died somewhat l a t e r .  
and were exclusively females. 
poin ts  : 1. In the  first cu l tu re ,  despi te  an overmaturity o f  only two days, t he  
count of  females was s o  s ign i f i can t ;  2 .  The preponderance o f  males i n  t h e  f i f t h  
cu l tu re ,  desp i te  the overmaturity of  f i v e  days. I cannot present explanations 
f o r  both of  these occurrences. I would only l i k e  t o  mention t h a t  on those days 
on which mating of the b u t t e r f l i e s  took place,  a p a r t i c u l a r l y  high temperature 
preva i led  which had an unfavorable influence on the development of the cu l ture .  
I have therefore  repeated t h i s  yea r  the cu l ture  experiments with Lymantria on a 
much more complete s e t  of mater ia l  and under var iab le ,  very closely observed 

Rather the  opposi te  r e s u l t s  

The cu l tu re  w a s  very severely 

The seven remaining animals grew slowly 
What is s t r i k i n g  i n  t h i s  phenomenon are two 

13  



ex te rna l  condi t ions .  

'I Even though the r e s u l t s  o f  the b u t t e r f l y  experiments were so unexpected, /292 
it is i n  my opinion no t  d i f f i c u l t  t o  explain t h e  r e s u l t s  o f  t he  f rog  and b u t t e r -  
f l y  experiments on a common in t e rp re t a t ion .  It  first must be s t a t e d  t h a t  i n  
con t r a s t  t o  my previous i n t e r p r e t a t i o n  and a t  variance with t h e  s i t u a t i o n  i n  
b u t t e r f l i e s ,  t he  females i n  f rogs a re  homogeneous, which has g rea t  relevance i n  
the  l i g h t  o f  what w a s  reported previously.  I t  is poss ib l e ,  then,  t o  o f f e r  t he  
general  r u l e  t h a t  overmaturity favors the formation o f  t h e  heterogametic sex,  
i. e. a change from the  homogametic s ex  i n  favor  o f  t he  heterogametic sex.  I t  
is apparently a question of involut ion o r  v i t i a t i o n  o f  t he  second f a c t o r  de te r -  
mining s e x  i n  both cases,  i n  t he  cases before us, o f  t he  X chromosome. 
asimultaneous presence of  two sex chromosomes the  protoplasm o f  the  ova is ab le  
t o  gain t h e  a b i l i t y  by means of overmaturity t o  s o  inf luence  t h e  second sex  
chromosome t h a t  i t s  effect is reduced 
.perhaps appropr ia te  t o  shed 
determining caw a t  ion.  

In t h e  

o r  even involuted,  a process which is 
l i g h t  on the development of morphological, sex- 

Regarding the previously-reported information,  I would l i k e  t o  make 
two f u r t h e r  po in ts .  

In my previous publ ica t ions ,  I considered the  p o s s i b i l i t y  on the  b a s i s  
o f  t h e o r e t i c a l  considerat ions,  t ha t  ear ly  maturi ty ,  i. e .  premature advent of  
f o l l i c l e  d i s rupt ion  and premature t r ans fe r  
b r ing  about a sex-determining inf luence.  
year ,  I have abandoned t h i s  assumption. I have had f rog  mater ia l s  co l l ec t ed  
a t  the  very beginning of restocking. A t  t h i s  time, I came upon f i v e  pa i r ings  
i n  which the  embrace of  the  male las ted  three  weeks without r e s u l t .  In two 
cases inves t iga t ions  y i e lded  the r e s u l t  t h a t  the ovaries  had degenerated. 
th ink  it is  apparent t h a t  t h i s  degeneration w a s  a r e s u l t  of a premature 
embrace and a r e s u l t a n t  disturbance o f  c i r c u l a t i o n ,  no t  t he  cause of t he  f r u i t -  
l e s s  course of  events.  Certainly fu r the r  experiments would be  des i r ab le  i n  
t h i s  case. If premature embrace has a damaging e f f e c t  on the  eggs, then an 
inf luence  on sex determination from it  is  highly unl ike ly .  
another  experience is noteworthy. 
beginning which l a t e r  l ead  t o  oviposi t ion,  t he  dura t ion  was very va r i ab le ,  vary- 
ing i n  general  between 24 and 48  hours,  apparently because the  varying maturity 
w a s  d i f f e r e n t  i n  ind iv idua l  cases. In one case ,  the  copula l a s t e d  8 days be fo re  
ov ipos i t i on  began. These d i f fe rences  in  the  ease noted i n  the  f o l l i c l e  d i s -  
rupt ion and the  t r anspor t  o f  the  eggs i n t o  t h e  u t e rus ,  had no e f f e c t  on the  s e x  
r a t i o .  

of the  ova i n t o  the  oviduct could 
Through my experiments of the last 

I 
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In the same sense,  
In  many embraces observed from t h e i r  very 

The second poin t  which I would l i k e  t o  discuss  r e f e r s  t o  the quest ion o f  
whether t he  material contained i n  t h e  uterus  o f  t he  female cons i s t s  o f  an equiv- 
a l e n t  mixture of t h e  d i f f e r e n t  sexes i n  d i f f e r e n t i a t e d  eggs o r  whether t h e r e  is 
any form of s o r t i n g  o r  layer ing.  I t  would be  conceivable t h a t  the female eggs 
leave the  ovary first and therefore  f i l l  the lower segment of  the  uterus  primar- 
i l y ,  and t h a t  i n  cont ras t  the male eggs t a k e  up the  upper segment and thus a re  
emptied last. Such a layer ing o f  eggs would n o t  even be suggested i n  the case 
o f  homogametic females, and i s  moreover very unl ike ly  anyway. 
r a t i o  of 50 d : 50 9 is obtained regardless whether the p a i r  spawns f u l l y  

For t he  sexual  
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o r  only the  f irst  hundred eggs. In the la t ter  case,  the  sex  r a t i o  o f  t he  f irst  
port ion of eggs would have t o  be displaced toward the  female d i r ec t ion .  I have 
n o t  t e s t e d  t h i s  question t o  any degree o f  ce r t a in ty .  I cul tured the  material 
from the f i r s t  ovipos i t ion  as wel l  as the l a s t  separa te ly  without i n t e r r u p t i n g  
spawning, thus without any inf luence of  overmaturity. 
r a t i o  w a s  completely equivalent .  I have come t o  the conclusion, therefore ,  t h a t  /29L 
the  only inf luence which can b r i n g  about a change i n  the  sex-determining f ac to r s  
must operate on the  eggs already i n  t h e  uterus .  

In both port ions t h e  s e x  
- 
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